ABSTRACT A structure consisting of poly(A) complexed with other components is released from polysomes by ribonuclease treatment. The poly(A) complex has a sedimentation value of 12-15, while the corresponding sedimentation value for free poly(A) is 4. The complex does not appear to represent an artifact formed by interaction of free poly(A) with either cytoplasmic or polysomal proteins. The polynucleotide released from the complex by treatment with sodium dodecyl sulfate shows the same electrophoretic mobility as that of poly(A) isolated from deproteinized polysomal RNA. The poly(A) in the complex is partially protected from digestion by T2 ribonuclease. At least part of the poly(A) is available for base pairing with poly(U). The components associated with the poly(A) cause it to bind to Millipore filters at low ionic strength. These components are removed from the complex by Pronase digestion. The findings indicate that the poly(A) segment in messenger RNA serves as a binding site for a particle. This particle appears to consist of proteins.
Recent evidence indicates that most of the mRNA of mammalian cells contains a large poly(A) segment (1) (2) (3) (4) (5) . The same sequence occurs in the nuclear heterodisperse RNA (4-6). The poly(A) appears to be localized at the 3' end of the RNA chains, both in the nucleus and in the cytoplasm (6) . Some evidence for a 5' localization, however, has been presented in nuclear RNA (7) .
In view of the probable location of the poly(A) segment at one extremity of the mRNA molecules, we have considered the possibility that it might be a binding site for proteins or other cellular constituents. Such an arrangement could account in part for the apparent occurrence of mRNA as nucleoprotein particles, either free in the cytoplasm (8, 9) , or after release from polysomes (10) (11) (12) (13) . We present evidence in this report for the presence of a particle on the poly(A) segment of polysomal mRNA from mouse sarcoma 180.
MATERIALS AND METHODS
Preparations of Polysomes and of Polysomal RNA. The procedures for labeling and disruption of mouse sarcoma 180 ascites cells have been described (3, 6, 13) . The incubations were done for 2 hr in the presence of either 10 ,uCi of [2,8-3H Iadenosine per ml (15 Ci/mmol) or 0.3-1 MuCi of [8-14C] adenine per ml (50 Ci/mol). Actinomycin D (0.04 ,g/ml) and ethidium bromide (1 ,ug/ml) were included to prevent labeling of both ribosomal RNA (14) and mitochondrial RNA (15) . Polysomes were isolated from the 1000 X g supernatant fraction of the lysed cells by centrifugation at 36,000 rpm in a type 40 Spinco rotor for 40 min through a 5-ml layer of 20% sucrose as described in ref. 12 . This procedure yields preparations nearly free of ribosomal subunits. Polysomes were stored in liquid N2.
RNA was prepared by the alkaline Tris-phenol method (16) . Poly(A) was isolated from the RNA by RNase treatment followed by adsorption on Millipore membrane filters (6) . A2ws units/ml) were incubated at 300 for 8 min with 5 ,g of pancreatic RNase per ml in 50 mM Tris-HCl (pH 7.6)-50 mM KCl-5 mM MgCl2. The digest was centrifuged through a linear 10-30% sucrose gradient in 50 mM Tris-HCl (pH 7.6)-100 mM KCl-5 mM MgCl2, either in an SW50 Spinco rotor at 35,000 rpm for 15 hr or in an SW27 rotor at 27,000 rpm for 24 hr. The material in the 12-15S peak containing poly(A) was pooled and stored in liquid N2.
RESULTS
Isolation of a structure containing poly(A) from ribonuclease digests of polysomes On the basis of the probable location of the poly(A) segment at the 3' end of mRNA molecules, we have postulated the following model for the structure of polysomes (see Fig. 1 ). Fig. 2 , and centrifuged at 35,000 rpm (100,000 X g) for 24 hr through a 5-ml 10-30% linear sucrose gradient in 50 mM Tris HCl (pH 7 (17) . Electrophoresis was at 1 mA/cm until bromophenol blue tracking dye reached the end of the gel (150 min). Fractions consisting of two adjacent 1-mm slices were dissolved by incubation with 0.5 ml of 1 N NH40H at 370 for 18 hr, and 5 ml of Triton X-100 scintillation mix was added for counting (6) . of their association with ribosomal particles. The poly(A), which is still resistant to RNase under these conditions, is present almost exclusively in the slowly-sedimenting fraction. A more prolonged centrifugation indicates that the poly(A)-containing material sediments as a 12-15S component. This is in contrast to the behavior of poly(A) isolated from deproteinized polysomal RNA, which sediments as a 4S component (3) .
The sedimentation behavior of the complex derived from polysomes is compared to that of poly(A) obtained from polysomal RNA in Fig. 3 . It was verified that the component containing 12-15S poly(A) is not produced by adventitious interaction between free poly(A) and polysomal proteins during enzymatic treatment. When 14C-labeled polysomal RNA was mixed with 3H-labeled polysomes before incubation with RNase, the two resulting poly(A) components sedimented separately (Fig. 3) . There was some tendency, however, for interaction between free poly(A) and polysomal material. This is indicated by the fact that poly(A) from RNA incubated in the presence of polysomes sediments somewhat more rapidly than the free homopolymer (Fig. 3) .
Poly(A) also showed some tendency to bind to cytoplasmic proteins. This was determined by mixture of poly(A) with the cytoplasmic fraction of lysed cells and subjection of the mixture to zonal centrifugation as in Fig. 3 . When a ratio of cytoplasmic extract to poly(A) well in excess of that normally present in the cells was used, the sedimentation rate of the added polynucleotide was increased. The artificial complexes formed in this manner, however, sedirnented more slowly than the 12-15S structure released from polysomes.
Characteristics of the poly(A) complex
The 12-15S component isolated from digested polysomes contains the same poly(A) segment as that obtained from deproteinized RNA. This is shown by the identical electrophoretic mobilities in polyacrylamide gel of free poly(A) and of that released from the complex by treatment with sodium dodecyl sulfate (Fig. 4) . Components associated with poly(A) in the complex cause it to exhibit properties distinct from those of the free polynucleotide. Poly(A) in the complex is partially protected from T2 RNase action. This is indicated by a slower rate of hydrolysis for this material as compared to that of free poly(A) (Fig. 5) . Poly(A) complex can also bind to Millipore filters at low ionic strength (Table 1) . Free poly(A), under identical conditions, is not adsorbed on the filters. The extent of binding of the complex was variable, but in all cases at least 50% of the material was bound. Incubation at 370 caused a decrease in the extent of binding. This behavior could be explained by a tendency of the complex to dissociate on standing.
Incubation of the complex with Pronase led to the complete loss of the binding capacity at low ionic strength ( Table 1) . The capacity to bind at high ionic strength, a property of free poly(A) (3), was retained. The enzymatic digestion apparently led to removal of most or all of the nonnucleic acid components from the complex, since the material treated with Pronase had a sedimentation behavior identical to that of poly(A) isolated from deproteinized RNA (data not shown).
Detection of the poly(A) complex by interaction with labeled poly(U)
Poly(A) can be detected by its capacity to form base-paired structures with labeled poly(U). Under appropriate conditions, the poly(U) in the resulting hybrid molecules is protected from pancreatic RNase action (unpublished experiments in this laboratory, see also ref. 18 ). The poly(A) in the complex retains the capacity for hybrid formation with poly(U), and can be assayed in this manner. Fig. 6 shows the sedimentation profile of the poly(A) complex obtained when the poly(U) assay is used with fractions obtained by zonal centrifugation of RNase-treated polysomes. Instead of the sharp 12-15S peak revealed by direct measurements of labeled poly(A), a broad peak is observed with considerable material Eedimenting more slowly than the 12-15S complex. The unlabeled poly(A) apparently present in these slowly-sedimenting components must represent poly(A) segments already completed before the 2-hr incorporation period. This finding raises the possibility that the poly(A)-containing similar structure might also be present in the nucleus. It would appear, therefore, that the mRNA is carried from nucleus to cytoplasm with a particle attached to its 3' terminal segment.
Various laboratories have reported evidence for the occurrence of mammalian mRNA as nucleoprotein particles (8) (9) (10) (11) (12) (13) . The mRNA in cell extracts is associated with components, presumed to be proteins, that cause it to sediment at 30-150 S, as compared to 10-30 S for deproteinized RNA.
These particles also have a buoyant density far lower than that of free RNA. The present findings would seem to provide a reasonable basis for this behavior of cytoplasmic mRNA. It is unlikely, however, that the quantity of material bound to the poly(A) segment would be sufficient to account for the high sedimentation and low buoyant density values reported for the presumed mRNA-protein complexes. It is possible that some regions of the mRNA molecule other than the poly(A) segment are also associated with nonnucleic acid components.
The nature of the particle associated with the poly(A), as well as the manner in which it interacts with the polynu--cleotide chain, remains to be elucidated. The binding is not sufficiently strong to -provide complete protection for the poly(A) from attack by T2 RNase; only the rate of hydrolysis is affected. At least a portion of the poly(A) in the complex is available for interaction with poly(U). The particle appears to consist primarily of protein, as suggested by its capacity to bind to Millipore filters and its sensitivity to Pronase.
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